Cryptosporidium is an obligate intracellular protozoan parasite infecting a wide range of hosts. The current study investigated the genetic profile of Cryptosporidium species in calves in Liverpool, England. Fifty-two calve fecal samples were collected from a farm and initially screened by Auramine Phenol, modified Ziehl-Neelsen and ELISA. PCR analysis of 18S rRNA gene was carried out for the positive samples. Then, positive PCR samples were genotyped by an 18S rRNA-based PCR-RFLP, COWP -based PCR-RFLP; PCR of GP60 and HSP70 genes. Additionally, sequence analysis was carried out based on representative isolates of four loci.
This approach was conducted to perform a multi-locus study for detection of Cryptosporidium species isolated from calves population using PCR, PCR-RFLP and sequence analysis of the 18S rRNA, COWP, GP60 and HSP70 gene fragments.
Materials and Methods

Sample collection and screening methods
Fifty-two fecal samples of calves with or without diarrhoea which were collected from 
DNA sequences analyzing
The PCR products of four genes targets were directly sequenced and were rubbed out from the 
The phylogeny of the GP60 gene
The phylogenetic relationships between the GP60 sequences of the Cryptosporidium isolates
were assessed with a NJ-tree method using the phylogenetic analysis software Phylogeny (16) . The tree was anchored by using C. meleagridis as the out-group as this species showed less similarity to the other species.
Nucleotide sequences accession numbers
Nine sequence PCR samples used in this study have been deposited in the GenBank database under accession no: JX547009,KF533078-79, KF537685-89 and KF577776.
Results
Screening Methods
The prevalence rate of Cryptosporidium (Table 2 ).
Molecular analysis of 18S rRNA gene
The 18S rRNA gene fragment was amplified in 14 out of 34 positive samples (Table 2 ). C. parvum was identified in thirteen DNA samples and one isolate (J6) was C. hominis ( Figure 1 ). Five out of fourteen DNA samples were sequenced. Sequence analysis revealed that the C. hominis identified by PCR -RFLP of the 18S rRNA gene had 100%
homology to published sequence of C. hominis (accession no. AF481962). Interestingly, one isolate (3H2) which was identified as C. parvum using PCR-RFLP method, showed 100% sequence identity to the 
Molecular analysis of COWP gene
The (Table 2) . Upon sequence analysis, all (four isolates) were identified as C. parvum subtype 2 which had 100% similarity with the published isolate with accession number KC823128. The interesting aspect of this result was that isolate 3H2 which was identified as C. hominis by sequence analysis of 18S rRNA and GP60
genes; was designated as C. parvum.
Discussion
There are several techniques for detection of
Cryptosporidium infection in animal and human fecal samples. Generally, microscopy methods including MZN and AP and also immunoassay techniques are used to detect the parasite's oocysts and antigen (17) (18) (19) . In the present study, three screening tests were used and the highest prevalence rate of Cryptosporidium infection (51.2%) was obtained with the AP staining method (Table 2) . According to the published data, these techniques are fast and sensitive but are not able to distinguish Cryptosporidium species (20) . The proportion of C. parvum (92.9%) found in the current study by the PCR-RFLP of 18S rRNA gene was in agreement with those found in other studies (25, 27) . For instance, in the UK, 93% of un-weaned calves shed oocysts of C.
parvum (25) . In Northern Ireland and in the USA, 95% and 85% of low age calves were infected with C. parvum (26) (27) . Interestingly, one (7.1%) C.
hominis In conclusion, the multi-locus fragment analysis used in the present study detects polymorphisms in Cryptosporidium isolates in calves. This is the first record of two new subgenotypes of C. parvum IIa subjected to the GenBank data bases. This study reports C. hominis in calve samples and there is a rare possibility of transmission of this species from calves to humans.
